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Diisopropyl 3-((methoxycarbonyl)methylidene)cyclobutane-1,1-dicarboxylate (15). To a suspension of NaH (60% in mineral oil, 4.36 g, 0.109 mol), in THF (180 mL), a solution of trimethyl phosphonoacetate (18.2 g, 0.1 mol) in THF (90 mL) was added dropwise at 15 C upon stirring. The mixture was stirred for 1 h, and then a solution of 13 (22.0 g, 0.091 mmol) was added. The resulting mixture was stirred at rt overnight, then most of the solvent was removed in vacuo, the residue was quenched with 10% aq NH 4 Cl (50 mL) and extracted with Et 2 O (3 300 mL). Diisopropyl 3-((methoxycarbonyl)methyl)cyclobutane-1,1-dicarboxylate (16). Ester 15 (20.9 g, 70 mmol) was dissolved in MeOH (140 mL), 5% Pd-C (5 g) was added, and the mixture was hydrogenated at 50 bar and 50 C overnight. Then the catalyst was filtered off, and the filtrate was evaporated in vacuo to give 16 (20.4 g, 97%) pure enough for the next step. An analytical sample was obtained by column chromatography (Hexanes -EtOAc (5 : 1) as eluent). Colourless oil. R f = 0.46 (Hexanes -EtOAc (5 : 1) (3,3-Bis(isopropoxycarbonyl)cyclobutyl)acetic acid (20). To a solution of ester 16 (6.01 g, 20 mmol) in MeOH (100 mL), a solution of KOH (1.23 g, 22 mmol) in H 2 O (100 mL) and MeOH (100 mL) was added. The resulting mixture was stirred overnight, and then MeOH was removed in vacuo. The aqueous phase was washed with CH 2 Cl 2 (3 100 mL), then acidified with 12 N HCl to pH = 2, and extracted with CH 2 Cl 2 (3 100 mL). The organic phases were dried over MgSO 4 and evaporated to dryness to give 20 (5.07 g, 88%) pure enough for the next step. An analytical sample was obtained by column chromatography 
Diisopropyl 3-(((tert-butoxycarbonyl)amino)methyl)cyclobutane-1,1-dicarboxylate (19).
Method A (from 17). To a mixture of 17 (5.11 g, 17 mmol), H 2 O (35 mL), and Et 2 O (25 mL), 6 N HCl (18.5 mL) was added. The mixture was cooled to 0 C, and a solution of NaNO 2 (1.79 g, 26 mmol) in H 2 O (4 mL) was added dropwise upon stirring. The resulting mixture was stirred at 0 C for 15 min, and then extracted with Et 2 O (4 50 mL). The combined extracts were dried with MgSO 4 and evaporated to 20 mL. This solution of 18 was added dropwise to toluene (150 mL) at 105-110 C. The mixture was stirred at this temperature for 2 h, and then tert-butanol (150 mL) was added. The resulting mixture was refluxed for 24 h and evaporated to dryness. The residue was purified by column chromatography (Hexanes -EtOAc (5 : 1) as eluent) to give 19 (2.68 g, 44%). Method B (from 20). To a solution of carboxylic acid 20 (4.30 g, 15 mmol) in CH 2 Cl 2 (150 mL), oxalyl chloride (5.71 g, 45 mmol) was added at rt, the mixture was stirred at rt overnight, and then evaporated to dryness. CCl 4 (2 100 mL) was added and evaporated twice to remove the residual HCl. The residue was dissolved in acetone (18 mL), and the solution was added dropwise to a solution of NaN 3 (3.9 g, 60 mmol) in H 2 O (16 mL) at 0 C. The mixture was stirred at 0 C for 1.5 h, then poured into H 2 O (80 mL) and extracted with Et 2 O (4 50 mL). The combined organic extracts were dried over MgSO 4 and evaporated to 30 mL. This solution of 18 was treated as described above in Method A to give 19 (4.71 g, 88%). Colourless oil. R f = 0.26 (Hexanes -EtOAc (5 : 1)). IR (neat, cm -3-azabicyclo[3.1.1]heptane-1-carboxylate (21) . To a solution of 19 (7.15g, 20mmol) in EtOAc (40 mL), 10% HCl in EtOAc (100 mL) was added, and the mixture was stirred at rt overnight, and then evaporated to dryness. MeOH (200 mL) was added, and the mixture was evaporated to dryness S5 again. The crude 12 HCl was dissolved in MeOH (200 mL), and NaOMe (5.4 g, 0.1 mol) was added. The mixture was refluxed for 60 h and evaporated to dryness. The residue was dissolved in MeOH (200 mL), and strong cationite ( -2 resin) (100 g) was added. The mixture was stirred for 30 min, then the cationite was filtered off and washed with MeOH (4 100 mL). The combined filtrates were evaporated to dryness, and the crude product was recrystallized from CCl 4 to give 21 (2.64 g, 78% 13 C NMR (DMSO-d 6 ) 172.6 (C), 170.9 (C), 51.5 (C), 51.4 (CH 3 ), 44.8 (CH 2 ), 32.7 (CH 2 ), 27.6 (CH). 1-(hydroxymethyl)-3-azabicyclo[3.1.1]heptane-3-carboxylate (22) . To a solution of 21 (2.37 g, 14 mmol) in THF (140 mL), BH 3 Me 2 S (10 M in THF, 7 mL, 70 mmol) was added dropwise upon stirring. The resulting mixture was refluxed for 36 h, and then quenched by dropwise addition of MeOH (70 mL). The mixture was evaporated in vacuo, and 10% aq NaOH (110 mL) and CH 2 Cl 2 (50 mL) were added to the residue. The resulting mixture was stirred for 30 min, then Boc 2 O (4.58 g, 21 mmol) in CH 2 Cl 2 (55 mL) was added, and the mixture was stirred virogously at rt for 1 d. The organic phase was separated, and the aqueous phase was extracted with CH 2 Cl 2 (3 100 mL). The combined organic phases were dried over MgSO 4 and evaporated in vacuo. The residue was recrystallized from Hexanes to give 22 (2.13 g, 67% Butoxycarbonyl)-3-azabicyclo[3.1.1]heptane-1-carboxylic acid (24) . Alcohol 22 (2.27 g, 10 mmol) and Dess-Martin periodinane (5.09 g, 12 mmol) were refluxed in CH 2 Cl 2 (150 mL) for 3 h, and then stirred at rt for 12 h. The precipitate was filtered off, and the filtrate was evaporated in vacuo. The residue was subjected to flash chromatography (Hexanes -EtOAc (1 : 1) as eluent, R f = 0.52) to give crude 23 (2.01 g), which was dissolved in THF (65 mL), and 2-methyl-2-butene (6.26 g, 89 mmol) in tert-butanol (65 mL) was added, followed by H 2 O (45 mL), NaClO 2 (1.59 g, 18 mmol), and Na 2 HPO 4 (4.29 g, 36 mmol). The resulting mixture was stirred at rt for 1 d, then evaporated in vacuo, diluted with H 2 O (50 mL), and extracted with CH 2 Cl 2 (3 50 mL). The combined extracts were dried over Na 2 SO 4 and evaporated in vacuo. The crude product was dissolved in 1 M aq NaOH (50 mL), washed with CH 2 Cl 2 (3 50 mL). The aqueous phase was acidified with 1 M aq NaHSO 4 to pH = 3-4 and extracted with EtOAc (3 100 mL). The combined extracts were dried over Na 2 SO 4 and evaporated in vacuo to give 24 (1.53 g, 63% from 22). An analytical sample was obtained by recrystallization from benzene. 3-Azabicyclo[3.1.1]heptane-1-carboxylic acid, hydrochloride (9 HCl). To a solution of 24 (1.21 g, 5 mmol) in EtOAc (100 mL), 10% HCl in dioxane (50 mL) was added at rt. The mixture was stirred at rt for 4 h, then evaporated to dryness and triturated with acetone (50 mL). The precipitate was filtered and dried in vacuo to give 9 HCl (0.76 g, 85%). An analytical sample was obtained by recrystallization from EtOH -acetone. White crystals. Mp >250 C (dec. komsa-mnp-aa-1
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